ABSTRACT

With UHT-sterilized milk as a model

system, combinations of polyphosphate
(.5 and 1.0%) and NaCl (.5 and 4.5%)
were studied to determine their effects
on the growth kinetics of Listeria
monocytogenes Scott A and Staphylococ-
cus aureus 196E. The milk was inocu-
lated with 103 to 10* cfu/ml of either L.
monocytogenes or S. aureus and in-
cubated under aerobic conditions at 12,
19, 28, or 37°C. The addition of poly-
phosphate did not significantly inhibit
the growth of either microbe at the tem-
peratures studied, but the addition of
NaCl or a combination of salts signifi-
cantly inhibited growth. The addition of
.5 or 1.0% polyphosphate alone to dairy
products is not likely to affect substan-
tially the growth of S. aureus or L.
monocytogenes.
(Key words: sodium hexametaphos-
phate, ultra-high temperature milk,
Listeria monocytogenes, Staphylococcus
aureus)

Abbreviation key: BHI = brain-heart infu-
sion, SHMP = sodium hexametaphosphate.

INTRODUCTION

Polyphosphates are used in a variety of food
products as emulsifiers and moisture-binding
agents (2, 4, 13). Pasteurized processed cheese
food and spread are among the products con-
taining polyphosphate. Polyphosphates inhibit
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various microorganisms in meat and meat
products, depending on the type of phosphates
used and the sensitivity of the microorganism
(8, 13, 14). The addition of .5% polyphosphate
to the brain-heart infusion (BHI) model system
decreased the growth of Listeria mono-
cytogenes and Staphylococcus aureus (5, 6, 7).
The inhibitory effect of polyphosphate on L.
monocytogenes was enhanced by the addition
of 2.0% NaCl (15). However, no information
exists on the antimicrobial effect of poly-
phosphates in the process cheese food or a
milk model system.

The purpose of this investigation was to
acquire data on growth kinetics on the effect of
sodium hexametaphosphate (SHMP) in combi-
nation with low and high amounts of NaCl for
L. monocytogenes and S. aureus, using UHT
milk as a model for dairy products.

MATERIALS AND METHODS

Bacterial Strains and Media

Listeria monocytogenes Scott A and S.
aureus 196E were used throughout this study.
The inoculum was prepared by individual cul-
ture of the microorganisms for 18 to 24 h at
37°C in BHI broth (Difco, Inc., Detroit, MI) for
S. aureus and in BHI broth supplemented with
3% glucose for L. monocytogenes. The over-
night cultures were diluted to approximately
105 cfu/ml. All dilutions were made with ster-
ile .1% peptone and water (Difco, Inc.). The
BHI agar, tryptic soy agar, Baird-Parker agar
with egg yolk-tellurite enrichment, and Vogel-
Johnson agar were obtained from Difco, Inc.

Test Saits

The SHMP (Hexaphos®, a polyphosphate
with 13 phosphate groups) was from FMC



TABLE 1. Equations for Gompertz parameters and derived values for kinetics

Gompertz equation
L® = A + C exp (—exp(-Btt - M))

where

L) = logyo count of bacteria [log(cfw/mb)] at time (hours).

A = initial count of bacteria at start of growth study [log(cfu/mb)].

C = amount of bacterial growth [log(cfml)] (final count at end of growth — initial count).
B = relative growth rate [log(cfu/ml)/h].

M =

stant for a time).
Derived growth kinetics equations

time (hours) for bacteria to reach stationary phase (cessation of growth — bacteria counts remain con-

Exponential growth rate is the time that cells divide at a constant rate = BC/2.71828 [log(cfu/ml)/h].
Generation time is the time that cells take to double in number = (log (2))2.71828/BC [h].

Lag phase duration is the time that cells take before they start to grow at a constant rate = M - (1/B) [h).
Maximum population density is the final count at the end of growth study = A + Cllog(cfu/mi].

Corp (Philadelphia, PA). The SHMP solutions
of 10 and 12% were prepared and added to the
milk to obtain final concentrations of .5 and
1.0%, respectively. The solutions of NaCl
(Mallinckrodt, Paris, KY) of 25 and 22.5%
were prepared and added to the milk to obtain
final concentrations of .5 and 4.5%, respec-
tively. The test compounds were sterilized by
filtration (22 wm; Nalgene, Rochester, NY)
before addition to the sterile milk to obtain the
desired concentrations.

Culture Techniques

Homogenized UHT whole milk (Dairymen
Inc., Savannah, GA) and the filtered, sterilized
SHMP and NaCl solutions were added to
150-ml Erlenmeyer flasks to a total volume of
50 ml. Duplicate flasks were inoculated with .5
ml of the inoculum to achieve the initial 103
cfu/ml. All flasks were then incubated on a
rotary shaker (100 rpm) at 12, 19, 28, or 37°C
in accordance to the established procedure by
Buchanan et al (1).

At appropriate intervals (0, 4, 6, 8, 24, 30,
48 h, etc., until logarithmic growth reached a
plateau), samples were withdrawn, pH was
measured, and aliquots were diluted and sur-
face plated using a spiral plater (Spiral Sys-
tems™ Inc., Cincinnati, OH). Counts that had
been enumerated on tryptic soy agar were
compared with those enumerated on Baird-
Parker or modified Vogel Johnson agar (11)
and were found to be the same. For the re-
mainder of the studies, tryptic soy agar was

used as plating medium. The tryptic soy and
Baird-Parker agar plates were incubated for 24
h at 37°C and then counted. The modified
Vogel Johnson agar plates were incubated for
48 h at 37°C.

At the end of the logarithmic growth, sam-
ples of cultures incubated at 28°C were fixed
in 1% glutaraldehyde. Cells were examined
using a light microscope (Olympus BH-2;
Tokyo, Japan) to determine the effect of NaCl
and SHMP on cell size and characteristics.

Calculation of Growth Parameters

The Gompertz equation (3) in conjunction
with ABACUS (USDA, ERRC, Philadelphia,
PA), a nonlinear regression program employ-
ing a Gauss-Newton iteration procedure, was
used to generate growth curves (Table 1).
Gompertz A and C parameters were fixed us-
ing observed population density values. The
Gompertz equation parameters (A, B, C, and
M) were used to calculate exponential growth
rates, generation times, lag times, and maxi-
mum cell population density.

Statistical Analysis

An ANOVA was performed to determine
the significance of the effect of the addition of
polyphosphates on the growth rate and genera-
tion times (10).

RESULTS AND DISCUSSION

The UHT-sterilized milk proved to be a
very convenient model system for studying the



growth of foodborne pathogens in dairy
products. Listeria monocytogenes and .
aureus grew in all SHMP and NaCl combina-
tions at 19, 28, and 37°C. Listeria mono-
cytogenes grew at 12°C, but S. aureus did not
grow within 96 h under any test conditions.
Generation times were inversely related to
temperature. The generation times for L.
monocytogenes grown in unsupplemented
UHT-sterilized milk were 4.7, 1.7, 1.0, and .9

h at 12, 19, 28, and 37°C, respectively (Table
2). This generation time is somewhat faster
than the average generation times reported by
Rosenow and Marth (9) for the growth of L.
monocytogenes in autoclaved whole milk.
They (9) observed generation times of 5.8, 1.9,
and .7 h at 13, 21, and 35°C, respectively. For
S. aureus, generation times in the UHT-
sterilized milk were 2.5, .4 and .3 h at 19, 28,
and 37°C, respectively (Table 3). Stadhouders

TABLE 2. Growth kinetics of Listeria monocytogenes at 12, 19, 28, and 37°C in UHT milk.

Exponential Lag phase Generation Time for 103
Temperature SHMP! NaCl growth rate duration time increase
(O %) ®)
X sD X sp X spb X SD
12 0 0 .07 01 1.6 01 431 37 515 30
5 08 0 S5 150 363 .11 389 20
1.0 06 O 100 0 479 20 683 3.0
0 5 07 0 156 6.10 406 .18 585 5.7
5 07 .01 258 .58 398 .17 69.0 8.0
1.0 08 0 250 3.80 393 .08 662 3.0
0 45 .05 01 265 14.10 655 .72 1016 78
5 04 0 462 520 673 22 1294 6.1
1.0 04 0 334 1220 776 126 1187 25
19 0 0 11 .01 46 02 168 .06 23 6
5 12 01 49 43 162 .01 20 5
1.0 .10 01 56 230 165 .09 259 4
0 5 12 01 54 168 161 .09 223 8
5 A1 01 44 33 167 .02 217 1
1.0 10 O 53 .08 185 .03 245 3
0 45 08 0 40 150 203 .09 248 25
5 .10 01 6.4 15 198 .03 276 .1
1.0 09 0 7.1 .70 208 .01 293 6
28 0 0 18 01 1.6 .10 1.00 .01 117 1
5 17 .10 1.7 .10 1.05 .05 127 1
1.0 17 01 23 .30 110 .01 138 1
0 5 22 01 43 .01 93 .01 144 1
5 21 01 32 '1.10 103 01 145 S
1.0 15 01 33 .80 115 .05 152 2
0 45 .08 01 g 100 250 .30 267 5
5 .09 01 30 200 250 .10 311 8
1.0 07 01 43 420 180 .10 28.7 5
37 0 0 22 02 12 15 94 .08 114 6
.5 37 04 2.8 24 63 .07 103 4
1.0 32 .01 27 .07 g2 .02 11.4 2
0 5 30 .03 22 40 68 .05 95 .1
5 57 .19 38 72 41 14 82 7
1.0 24 06 20 66 89 .16 115 9
0 45 13 0 44 101 133 0 183 10
5 .10 01 29 130 174 04 209 17
1.0 11 01 5.1 29 147 13 200 1.8

1Sodium hexametaphosphate.



et al. (12), using HTST milk, reported that the
generation times at 30°C varied from 3to .6 h
for several strains of S. aureus.

When the UHT-sterilized milk was used,
the effects of added SHMP and NaCl on the
growth kinetics were determined for L.
monocytogenes (Table 2) and S. aureus (T able
3). Growth rate, duration of lag phase, genera-
tion time, and times for an increase in cell
number of 103 at 19, 28, and 37°C were calcu-
lated. No activity against S. aureus 196E oc-
curred when .5 or 1.0% SHMP was added to
the UHT milk at 19, 28, and 37°C (Table 4), in
contrast to the results of Jen and Shelef (6),
who reported that the addition of .5% SHMP
to BHI had a bactericidal effect on S. aureus
196E at 35°C.

Supplementation of UHT milk with .5 or
1.0% SHMP did not affect the growth rate or
generation times of L. monocytogenes (Table

4). However, lag phase and the time for a 103
increase in population density increased for L.
monocytogenes with the addition of 1.0%
SHMP but was not significant (Table 4). Zaika
and Kim (15) found that the addition of .5 or
1.0% SHMP to BHI (pH 6.0) decreased the
exponential growth rate and increased genera-
tion and lag times for L. monocytogenes grown
at 5, 10, 19, and 28°C. Both research groups
(6, 15) postulated that added SHMP in BHI
chelated cations necessary for the growth of
the microorganisms. Jen and Shelef (6) found
that inhibitory activity of SHMP was partially
eliminated by the addition of Ca (.25 to 1 mM)
and completely eliminated by Mg (25 to .35
mM). The high concentrations of Ca (30 mM)
and Mg (5 mM) in milk probably eliminated
any potential inhibitory effect by the SHMP.
Therefore, care must be exercised in extrapola-
tion of antimicrobial effects observed in
microbiological media to food systems.

TABLE 3. Growth kinetics of Staphylococcus. aureus at 19, 28, and 37°C in UHT milk.

Exponential Lag phase Generation Time for 103
Temperature SHMP! NaCl growth rate duration time increase
O (%) ®
X sp X sD X sp X sD
19 0 0 .08 01 140 55 244 01 403 4.1
5 09 01 131 35 214 .15 383 26
1.0 .08 01 142 19 227 07 386 .1
0 5 A1 01 69 3 1.82 .06 264 10
5 11 01 60 21 193 .11 215 9
1.0 09 01 81 - 8 209 .28 303 23
0 45 .10 01 49 1 208 .15 271 14
5 .08 01 36 .1 225 .10 270 9
1.0 .05 01 14 1 349 04 371 4
28 0 0 38 01 28 2 39 .02 70 1
5 38 03 29 1 40 .02 69 2
1.0 36 06 28 1 43 02 71 3
0 S 33 01 22 2 55 .05 80 3
.5 28 01 21 1 60 .05 84 2
1.0 33 05 31 6 55 .05 90 2
0 4.5 .28 .05 40 6 65 .15 107 7
.5 .16 .01 29 4 1.10 .10 142 2
1.0 .10 01 21 1 175 .15 202 14
37 0 0 .38 01 1.8 .1 31 .01 49 1
5 73 .04 38 .8 16 .02 54 5
1.0 .53 03 28 .1 24 01 52 .1
0 5 32 .01 10 .1 51 .01 62 .1
5 .36 02 14 1 AT 04 62 4
1.0 32 .04 14 1 .53 .08 68 4
0 45 45 0 28 .1 38 .01 67 .1
.5 53 .03 34 2 35 .01 70 1
1.0 46 03 26 .1 37 04 64 4

1Sodium hexametaphosphate.



The pH of the UHT milk was 6.5 to 6.6,
which changed slightly, to pH 6.6 to 6.8, after
the addition of SHMP. The pH of the UHT
milk system remained the same during the
growth of the L. monocytogenes but decreased
to 5.2 + .1 during the growth of the S. aureus.
Jen and Shelef (6) also reported increased pH
with the addition of SHMP to BHI; they found
that inhibition by polyphosphates was depen-
dent on pH and that inhibition increased at
higher. pH, >7.0. In the present study, the pH
of the UHT milk system remained well below
the 7.0 considered to be a factor for increasing
inhibition by SHMP. :

In the UHT milk system, the addition of .5
and 4.5% NaCl overall affected the growth
kinetics of S. aureus and L. monocytogenes;,
these effects were statistically significant (Ta-
bles 4 and 5). Buchanan et al. (1) previously
reported that the addition of 4.5% NaCl to the
tryptose-phosphate broth did not have a major
effect on growth kinetics of L. monocytogenes.
Zaika and Kim (15) also reported that the
addition of 2.0% NaCl did not have a major

effect on the growth kinetics of L.
monocytogenes. However, the addition of 2.0%
NaCl enhanced the inhibitory effect of .5 and
1.0% SHMP in BHI, pH 6.0, at 28 and 19°C.
They (15) reported increased generation times
and lag phase durations for L. monocytogenes.
In the current study, the reverse occurred for L.
monocytogenes in UHT milk. The addition of
SHMP alene was not significant (Table 4) as
an inhibitor of L. monocytogenes but enhanced
the inhibitory effect of NaCl, as evidenced by
a decrease in growth rate with increased
SHMP.

Microscopic examination of the cells in log
growth at 28°C for all NaCl and SHMP combi-
nations in the UHT milk model system showed
normal cellular shapes. The cellular shape of
L. monocytogenes grown in the presence of
.5% polyphosphate in the BHI system has been
reported (L. L. Zaika, P. Cooke, and T. Dob-
son, May 1991, personal communication). The
cells grew in elongated shapes, and ultrastruc-
ture examination showed incomplete cell walls
between the dividing cells. In the present

TABLE 4. Analysis of variance on growth kinetics of Staphylococcus aureus and Listeria monocytogenes.

MS
Growth Lag phase Generation Time for 1000
Treatment! df rate duration time increase
S. aureus

Model

Temp 2 4.06** 73.57 15.25%+ 2628.02%*
SHMP 2 .07 7.99 23 50.76*
Temp x SHMP 4 .19 2.65 .04 2.00
NaCl 3 75+ 38.29** 1.12%* 66.13**
Temp x NaCl 3 .59 22.84* 48%* 85.08**
SHMP x NaCl 6 12 10.18 60** 28.81*
Temp x SHMP x NaCl 6 .08 3.88 11 4.14
Error 27 .16 525 .07 10.66
Corrected total 53

L. monocytogenes

Model

Temp 3 85%* 1334.49*+ 64.83** 16,282.87**
SHMP 2 .03 92.18 .09 5297
Temp x SHMP 6 .04 54.95 .09 42.37
NaCl 2 5% 453.31** 19.80%* 4765.32%*
Temp x NaCl 6 19* 365.81** 2.97** 1438.76**
SHMP Xx NaCl 4 07 59.28 .36 55.80
Temp x SHMP x NaCl 12 .02 59.92* 57 60.27
Error 42 .06 28.73 42 33.56
Corrected total 77

ISHMP = Sodium hexametaphosphate; Temp = temperature.

*P < .05.
**pP < .01.



TABLE 5. Means of lag phase duration and generation time for temperature versus percentage of NaCl averaged over the

amounts of sodium hexametaphosphate.

Lag phase duration

Generation time

Temperature 0% NaCl .5% NaCl 4.5% NaCl 0% NaCl .5% NaCl 4.5% NaCl
(o] Listeria monocytogenes
12 3.55 221 353 3.87 3.99 7.01
19 5.00 5.02 5.80 1.65 1.70 2.03
28 1.84 4.33 -1.82 1.04 79 284
37 222 235 4.12 .76 48 1.51
SE 2.19 26
LSD 6.26 75

Staphylococcus aureus
19 10.10 8.85 3.29 2.39 1.59 2.61
28 433 243 297 .53 .58 1.16
37 1.24 294 2.85 .28 .50 36
SE .93 11
LSD 2.66 32

study, the L. monocytogenes cells were normal
and rod-shaped with no evidence of elonga-
tion; the S. aureus cells were normal with
some evidence of pairing, as is typical for this
organism.

CONCLUSIONS

In the UHT-sterilized milk model system,
the addition of SHMP (1%) alone did not have
an effect on the growth kinetics of S. aureus
and had only a minor effect on the growth
kinetics of L. monocytogenes. Growth was in-
hibited for both pathogens when .5 and 4.5%
NaCl alone were added to the UHT-sterilized
milk. Inhibitory effects of NaCl apparently
were enhanced when 1% SHMP was added to
the milk model system.
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